Abbreviations: HMEC, human mammary epithelial cell; 2DE, two-dimensional gel electrophoresis, TPA, 12-0-tetradecanoyl-13-phorbol pattern that contains all the common and specifically expressed proteins from all the cell lines.
Introduction
Studies of human breast cancer, including the effects of chemotherapeutic drugs, cell biologv, C I and cellular differentiation. typically use cell lines derived from effusions from patients with metastatic carcinoma of the breast. These tumor cell lines are heterogeneous. varying in such diverse aspects as cellular morphology, growth rate, tumorigenicity in nude mice, steroid hormone receptor status. and drug sensitivity. Two of the most commonly used cell lines are the estrogen-receptor-positive bICF7 and the estrogen-receptor-negative MDA-MB23 1 (I , 2). Cellular responses to external stimuli depend on a variety of cellular properties, including both well characterized properties such as p53 or estrogen-receptor status, and also undefined characteristics particular to a specific cell line. In some cases, the specific property of a cell line can be associated with a response, as in the estrogen-receptor-dependent inhibition of proliferation by retinoic acid treatment (3,4). On the other hand, cell-specific responses to a variety of other stimuli are often less straightforward. For example, epidermal growth factor induces transcription of the ras-related rhoB gene in MDA-MB23 1 cells, but not in MCF7 and
ZR75-1 cells ( 5 ) .
In MDA-MBB 1 cells, expression of acidic fibroblast growth factor mRNA is -decreased in the absence of serum, but expression is unaffected in MCF7 cells (6). The protein kinase C activators TPA and bryostatin 1 also have cell-specific effects on growth in human breast cancer cell lines (7) . Such differences in cellular responses lead to the conclusion that there is significant and complex variability among human breast carcinoma cells and a more complete characterization of these cell lines will help identify the cellular factors responsible for such differences.
High-resolution two-dimensional gel electrophoresis (2DE) can be used to measure the abundance of over 500 polypeptides in a single sample. Although numerous comparisons have been made between pairs of normal and neoplastic cells using 2DE, a global comparison of the proteins present in normal human breast epithelial cells and those in the most widely used breast tumor cell lines has not been accomplished. We describe the comparative mapping by 2DE of proteins found in normal breast epithelial cells (cultured from reduction mammoplasty and grown in short-term culture) and proteins found in 13 tumor cell lines (originalIy derived from patients f t with breast cancer and maintained in long-term culture). The goaIs of this research are to define patterns of protein expression characteristic of normal and neoplastic cells and to characterize differences in protein expression among tumor cell lines that could influence their response to external stimuli such as chemotherapeutic drugs and be predictors of therapeutic response. We found significant differences in protein expression, both qualitative (Le., presence or absence) and quantitative, not only between normal cells and tumor cells but also among the tumor cell lines. A composite human breast cell protein pattern has been created that includes all the common and specifically expressed proteins in the normal and neoplastic cells analyzed. We have identified a subset of the differentially expressed proteins that includes proteins known to be important in proliferation, differentiation, and cellular responses to chemotherapeutic chemicals. This subset includes components of the cytoskeleton, stress proteins, and the enzyme inosine-5'-monophosphate (IMP) dehydrogenase.
Materials and Methods
Cells and cell culture. The tumor cell lines used in this study were originally obtained from American Type Culture Collection, Rockville, MD (BT549, DU4475, HS578T, MCF7, MDA-MB 157, MDA-MB23 1, MDA-MB435s7 MDA-MB436, MDA-MB453, MDA-MB468, ZR75-1) or Naval Biosciences Laboratory, Oakland, CA (AU565, BJ015) and are now routinely cultured at Argonne National Laboratory. Normal human mammary epithelial cells (HMEC), obtained from reduction mammoplasty tissue, were purchased at passage 7 from Clonetics (San Diego, CA). The tumor cell lines were cultured in RPMI 1640 supplemented with 15% fetal bovine serum, penicillin (1 00 unitdml), streptomycin (1 00 pg/ml), and 2 mM 1-glutamine (Gibco-BRL, Gaithersburg, MD). HMEC were maintained (passages 8-10) in serum-free MEGM (Clonetics). Cells were cultured at 37 "C in a humidified atmosphere of 6% C02 in air. Dulbecco's phosphate-buffered saline (PBS) without calcium or magnesium, pH 7.5, was used for all washes.
Sample Preparation. For whole lysates. cultured cells were harvested by treatment with trypsin (0.05% trypsin and 0.2% EDTA: Gibco). washed three times in PBS, and counted using a hemocytometer. The cell pellets were solubilized in NP40-urea mix containing 9 ih4 urea. 4% Nonidet P-40,2% B-mercaptoethanol, and 2% ampholytes (pH 8-1 0) at a concentration of 6 x 1 O4 ceWp1. Pure proteins were dissolved in NP40-urea mix to obtain a final protein concentration of 1 mg/ml. Protein concentrations were determined using a modified Bradford protein assay (8) .
Cytoskeleton Preparation. Cells were plated at 5 x 105 per well in 24 well plates 24 h. prior to the experiment. Complete cytoskeletons were isolated by incubating the cells in 100 mM PIPES, pH 6.9, 1 mM MgS04, 2 mM EGTA, 2 M glycerol, 1 mM phenylmethylsulfonyl fluoride (PMSF). 1 mM pepstatin, and 0.5 % NP-40 at room temperature for 5 min. The buffer was.
removed and the wells were washed with the buffer minus NP-40. Cytoskeleton preparations were solubilized in 50 p1 NP4O-urea mix per well. Cytoskeletons without microtubules were prepared by incubating the cells for 5 min at room temperature in 100 mM PIPES, 1 mM MgS04, 1 mM CaCb, 2 bl glycerol, 1 mM PMSF, 1 mM pepstatin, and 0.5% NP40. The wells were rinsed in the buffer minus NP-40 and proteins were solubilized in 50 p1 of NP4O-urea mix.
Intermediate filaments were isolated by incubation in 0.1 M PIPES, 1 mM MgS04,2 mM EDTA, 2 M glycerol, 1 mh.1 PMSF, 1 mM pepstatin, and 0.5% NP40, followed by washing with low-salt solution (60 mh4 KCl, 1 mM EDTA, 2 mM EGTA, 1 mM cysteine, 10 mM ATP, 40 mM imidizole) for 1 min, high-salt solution (0.6 M KC1, 1 mM EDTA, 1 mM cysteine, 2 mM ATP, and 40 mM imidizole) for 1 min and then low-salt solution for 1 min prior to solubilization in 50 p1 of NP4O-urea mix per well. Two-dimensional Gei Electrophoresis. Samples containing 35 pg of breast cell lysate proteins or 20 pl of cytoskeletal proteins were separated by isoelectric focusing (IEF) in rod gels containing 50% pH 5-7 and 50% pH 3-10 ampholytes, as'described previously (9) . The seconddimension separation was done using 10-1 7% linear gradient SDS-PAGE (1 0). Proteins were detected by silver staining (1 1). For comigration experiments, 50 ng of purified protein was loaded alone or in combination with 35 pg of cell lysate proteins onto an isoelectric focusing gel.
Data Acquisition and Analysis. Silver-stained gels were digitized using an Eikonix 1412 CCD scanner. The images kvere processed and spot files were created using Tycho I1 softcvare (12) .
The class statistics capability of the GR42x software was used to detect significant differences in protein abundance between groups.
Protein identification. Proteins were separated by 2DE as described above, except that 300 pg of protein was used per gel. For immunostaining. gels were equilibrated in 10 mM CAPS buffer, 10% methanol for 10 min and the proteins were transferred to Immobilon-P membranes 
Res u I ts
The 2DE image shown in Figure 1 is the human breast epithelial cell master pattern. The The class statistics capability of the GR42x s o h a r e (12) was used to detect significant Inosine-5'-monophosphate dehydrogenase, the rate limiting enzyme in the de novo synthesis of guanine nucleotides. is often present at elevated levels in cancer cells. IMP dehydrogenase was identified in the 2DE patterns of breast cells by comparing the migration of purified IMP dehydrogenase n-ith that of proteins in MCF7 lysates. Quantitative analysis of hsp70, previously identified by N-terminal sequence analysis to be MSN 14 (21) , revealed significant (P < 0.005) differences in its abundance between some of the cell lines (Figure 7) . Hsp73, also known as hsc70, was identified in the master pattern as MSN 13 by comparison to a published 2DE image of MDA-MB23 1 cell proteins (23). We found no significant differences in the abundance of hsp73 among any of the cell lines.
Discussion
We investigated the differential expression of proteins in human breast epithelial cells in order to define and characterize differences that could influence cellular responses to various stimuli and that may ultimately be important in the selection of the most useful or appropriate cell lines in breast cancer research. Protein expression in normal breast epithelial cells and 13 breast tumor cell lines was analyzed using 2DE combined with immunostaining, protein sequencing, and database analysis. We found significant differences in protein expression, both . The majority of the differences in protein expression detected, however, were quantitative rather than qualitative. These differences, in contrast to the small number of qualitative differences observed, did not distinguish normal cells from tumor cells but were found among the tumor cell lines. In some cases. e.g., the intermediate filament proteins, cell lines could be grouped according to their protein expression profiles. However, we detected no obvious trends in the distribution of the forty-two as yet unidentified proteins that are found in significantly different levels among the cell lines. These differences in protein expression underscore the heterogeneous nature of breast tumor cell lines.
We identified components of the cytoskeleton by using antibodies against intermediate MCF7, and ZR75-1, all have highly elevated levels of IMP dehydrogenase. This finding may be of use in the clinical setting for differentiating slow-growing from fast-growing tumors.
The members of the heat shock, or stress. protein famiIy are highly conserved in structure and function and have diverse roles in protein import. folding. and assembly, immunity, and cancer. We have identified the prominent heat shock proteins in the 2DE patterns of breast cells and quantified the levels of expression of these proteins in unstressed normal and neoplastic cells.
Hsp70, one of the most inducible of the heat shock proteins, is involved in the chaperoning of nascent polypeptides and changes in conformation necessary for translocation to the endoplasmic reticuIum and mitochondria. The basal levels of this protein showed quantitative differences in only two cell lines, AU565 and MDA-MB23 1. The levels of hsp73, the constituitively expressed cognate of hsp70, did not vary significantly among any of the cell lines.
Hsp60 is a mitochondrial matrix protein that functions in protein folding and assembly (3 1). The two isoforms of this protein varied threefold among the cell lines. However, in each cell line the predominant form of hsp60 is the basic isoform, which is likely the unphosphorylated form.
Hsp27 is a cytoplasmic protein with roles in stress resistance, microfilament organization, chaperone activity, and thermotolerance (22) . It is induced by environmental stresses (such as heat shock and toxic chemicals) and by estrogen stimulation in MCF7 cells (32).
Elevated hsp27 levels in breast cancer have been correlated with estrogen receptor content (33).
In this study of 13 breast carcinoma cell lines, the two estrogen-receptor positive cell lines, MCF7 and ZR75-1, contained the highest levels of hsp27. However, two estrogen-receptor negative cell lines, AU565 and BJ015, contained approximately the same amount of hsp27 protein as MCF7 celIs. Hsp27 is phosphorylated in response to environmental stress, mitogens, tumor promoters such as phorbol esters, and cytokines (22, and references therein). The overexpression of hsp27 confers doxorubicin resistance in breast cancer cells (34). Knowledge about the differential basal expression and phosphorylation of hsp27 in these cell lines may be useful in selecting appropriate cell lines for studying cellular responses to anticancer drugs and drug resistance.
The human breast epithelial cell master pattern includes common and specifically expressed proteins from normal breast epithelial cells and from a panel of breast carcinoma cell lines. Comparison of 2DE protein patterns provides information about many proteins . * simultaneously, including proteins that may be involved in neoplastic transformation, signal transduction pathways, and in the cellular response to chemicals. The global surveillance of protein synthesis, modification, and degradation using 2DE promises to be useful in identifying significant differences in protein expression and in monitoring the effects of chemotherapeutic agents in breast cancer cells. Franzen, B., Linder, S., Akaiya, A. A., Eriksson, E., Uryu, K., Hirano, T., Okuzawa, K., 30. Kiguchi, K., Collart, F. R., Henning-Chubb, C., and Huberman, E. 
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